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1.0 SUl^^EY 


As part of the Quiet Clean Short-Haul Experimental Engine (QCSEE) Program 
sponsored hj the HASA-Le^is Research Center, the General Electric Company con- 
ducted s series of acoustic tests on aa Under-the-^ing (Ora) engine suitable 
for use on an aircraft with powered lift capability* These tests evaluated 
the fully suppressed noise levels in both forward and reverse thrust modes of 
operation and provided a means to evaluate selected component suppression 
effectiveness. 

Syst^ noise levels, using a contract specified calculation procedure, 
indicate that the in-flight noise level on a 152 m (500 ft) sideline at take- 
off and approach are 97.2 and 95.7 EPHdB, respectively, ccxapared to a goal of 
95.0 EPHdB. In reverse thrust, the laaximum level of thrust achieved was 27% 
(relative to takeoff thrust) and, at this level, the aircraft system noise 
level was 106.4 EFKdB. 

Baseline noise levels were higher than predicted by 4 to 5 PEdB in the 
high frequency, broad band noise region. The high throat Hack number inlet 
with wall treatment (hybrid inlet) demonstrated 14 to 15 PBdB suppression 
of inlet radiated noise at 0.79 throat Mach number. Suppression of aft radi- 
ated noise on the engine was within 2 FMdB of predicted; and suppression of 
up to 2 dB was demonstrated in the high frequencies by the treated 0€¥*s. 



2.0 IHTROBUCTIOH 


The General Electric Coapany is currently engaged in the (^iet Clean 
Short-Haul Esperisisntal Engine (C^SEE) program under Contact H^S3-18D21 to 
the FAS.4-Lewis Research Center. An Under-the-Wing (UW) esperisental engine 
was designed and built under the program to develop and d^onstrate technol- 
ogy applicable to engines for future co®aercial short-haul turbo fan aircraft. 
The initial buildup of the UTW engine and boilerplate nacelle was test^ at 
the General Electric Company* s Peebles Test Operation from Sept^ber 2, 1976 
to December 17, 1976. Initial tests included ^chanical and systems checkout 
along with fan performance characteristics over a range of blade settings in- 
cluding reverse thrust operation. Failure of an exhaust nozzle support ring 
and subsequent ingestion of a fan nozzle flap resulted in a premature conclu- 
sion of testing before any acoustic data could be acquired. A second buildup 
of the engine - this ti^ with a composite nacelle - was tested during 
the period frc^ September 2, 1977 to July 21, 1978. Acoustic data were 
acquired on this secos^ buildup and are reported in this volume. 

This voli^e of the imi propulsion system test report includes the results 
of the analysis of internal and far— fisld acoustic measurements and the c<aa— 
parison of the fully suppressed noise levels to the noxse goals for a four- 
engine, 66,6Sl-kg (I47,GD0-lb), UTH-pcr^'ered aircraft. Detailed acoustic data 
used in the analyses of this volume say be found in a separate volume. Appen- 
dix B, which is limited in distribution to the Gerseral Electric Company and 
Government agencies only. 



3.0 TEST COI^IGURATIONS 


The QCSEE UTO composite nacelle engine was tested on pad IV-B (the prime 
acoustic test site) at the General Electric Company's Peebles Test Operation 
near Peebles, Ohio. Acoustic tests were conducted over a period of tme from 
October 5, 1977 to July 21, 1978. 

Many low noise design features were incorporated into this engine includ- 
ing source noise reduction techniques and sound absorbing material (References 
1 through 4). Table I lists the acoustic design parameters and Figure 1 is a 
schematic of the engine which points oat the acoustic features. The engine 
had a low pressure ratio, low tip speed fan with wide rotor-OGV spacing, and a 
vsne/blsda ratio optimixed to reduce second harmonic tone generation. Treat— 
®ent was installed on the inlet, fan fras^, and fan e^aust duct walls. The 

were treated on the pressure side for high frequency broadband suppres- 
sion, sn acoustic splitter was used in the fan exhaust. Core suppression 
was achieved with a "stacked®* suppressor which coasisted of thin sisgle-degree- 
of-freedom (SBOF) treatesnt for high frequency turbine noise suppression and 
deep low frequency panels for low frequency c«^bus tor noise suppression. At 
takeoff, inlet suppression was achieved primarily with an accelerating high 
Mach inlet. 

^re details of the. acoustic design procedure, f^ilosophy, and co^onent 
test progr^s are available in References 1, 2, 3, and 4. ^ 

Five engine configurations were tested. An overview of the five is pre- 
sented in Table II which indicates the general setup of each. 

A photograph of the baseline engine is shown in Figure 2 with a cross 
section in Figure 3. The inlet was a hardwall bellt^uth and the fan exhaust 
walls were taped as shown in Figure 4 to give an acoustically hardwall surface- 
Fan fra^ wall treatment, compressor inlet treatment, vane pressure sur- 

face treatisent were present on the baseline conf iguration. This baseline con- 
figuration was tested twice during the program. Initially, it was tested with 
a gravel sound field and then later (including a removal and re-instsllat ion 
on the stand) with a concrete sound field. Ihe engine configuration was iden- 
tical in both cases. Table III presents the specific acoustic data points and 
corresponding engine operating parameters for the baseiine engine tests. 

An evaluation of the effect of the vane treatment was conducted on the 
configuration shown in Figure 5. This configuration differs from the baseline 
only in that the acoustically treated surfaces of the vanes were covered with 
metallic tape to render th^ acoustically hardwall. Approximately 0.67 m 
(7.2 ft^} of vane treatment were taped. Data points for the taped vane con- 
figuration are tabulated in Table IV. 

A schematic of the fully suppressed configuration is shown is Figure 6. 
Treatment included the inlet wall, fan frame, fan exhaust wall, splitter, end 
core wails. In addition, a hybrid inlet eiriployed on an inlet flow accelera- 
tion effect at takeoff to achieve suppression was used. A photograph of the 



Table I. Acoustic Design Parameters, 


® 4i.2 s/sec (80 knots) Aircraft Speed 

© 61 ® (200 ft) Altitude 

© Takeoff Conditions 


Kusiber of Fan Blades 

Fan Diameter 

Fan Pressure Ratio 

Fan rpm 

Fan Tip Speed 

Iteber of 0GV*s 

Fan Weight FIo^ (Corrected) 

Inlet Mach Iteber (Tnroat) 

lotor Spacing 

Fan Exhaust Area 

Core Exhaust Area 

Gross 'HiTust (SLS Uninstalled) 

Blade Passing Frequency 

Core Exhaust Flow 

Fan Exhaust Velocity 

Core Exhaust Velocity 

Bypass Ratio 

Inlet Treatment Length/Fan 
Diameter 

Vane/Blade Ratio 


18 

180.4 cm ill in.) 

1.27 

3089 (3244 at 100%) 

289.6 m/sec (950 ft/^ec) 

33 (32 ^ pylon) 

405.5 kg/sec (894 Ite/sec) 

0.79 

1.5 Rotor Tip Aerodynamic Caords 
1.615 m2 (2504 in. 2) 

0.348 m2 (540 in.2) 

81.39 kK (18,300 Ibf) 

927 Hz 

31.3 kg/sec (69.1 Ibis/sec) 

197.8 m/sec (649 ft/sec) 

238.9 m/sec (784 ft/sec) 

12.1 

0.74 

1.83 


4 
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T&ble II. <^SEE UTW Acoustic Test Configurations. 


e All configurations have fan frame wall treatment 
and compressor wall treatment 


Configuration 

Inlet Type 

Vane 

Treatment 

Fan Wall 
Treatment 

Acoustic 

Splitter 

Core 

Treatment 

Baseline 

Hardwall/ 

Bellt^uth 

Yes 

Taped 

Ko 

Hardwall 

Vane Xreat^nt 
Effect 

Hardwall/ 

Bellmoutb 

Taped 

Taped 

No 

Hardwall 

F^lly Suppressed 

Hybrid 

Yes 

Yes 

Yes 

Yes 

Splitter 
Treat^at Effect 

Hybrid 

Yes 

Yes 

No 

Yes 

Core Treatment 
Effect 

Hybrid 

Yes 

Yes 

Yes 

Hardwall 
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Table lilt Baseline (Frame-Treated) Acoustic Data Poinrs* 


At'ooetto 

Readings 

Comment s4 

Date 

PCNCR 

XNL 

XNH 

ROPDEO 


PNIUN 
N lb 

XMll 

Probe 

Irivneraiqna 

1 

nookground Nolno 

lO-*5-77 

0 

0 

0 




0 

0 



2 

250 Counts Core Cowl Cooling 

l0'5-77 

0 

0 

0 

• 

.. 

.. 

0 

0 



3 

500 Counts Core Cowl Cooling 

10-5-77 

0 

0 

0 

- 


* 

0 

0 



4 

1000 Counts Core Cowl Cooling 

10-5-77 

0 

0 

0 

- 

.N 

.• 

0 

0 



St 

Idle 

10-5-77 

55.5 

1005 

11020 

4.9 

1.516 

2353 

» 

• 



6 


10-5-77 

91.5 

2969 

12424 

-5.5 

1.608 

2493 

73805 

16592 



7 


10-5-77 

91.2 

2970 

13000 

"5.4 

1.580 

2449 

73818 

16595 



R 


10-5-77 

90.9 

2963 

12992 

-5.4 

1.548 

2399 

73511 

16526 



9 


10-5-77 

90,9 

2962 

12930 

-5.4 

1.517 

2352 

73551 

16535 



10 

1000 Counts Core Cowl Cooling 

10-6-77 

0 

0 

0 


- 


0 

0 



U 


10-6-77 

97.0 

3143 

1 ?- 6 

-5.1 

1.625 

2519 

77688 

17465 



12 


10-6-77 

97.1 

3144 

12917 

-4.8 

1.556 

2412 

77608 

17447 



13 


10-6-77 

94.5 

3058 

12072 

-5.0 

1.613 

2501 

74895 

16837 



14 


10-6-77 

94.3 

3056 

12953 

-4,8 

1.582 

2453 

79086 

17359 



15 


10-6-77 

94,4 

3058 

12945 

-5,2 

1.540 

2418 

77368 

1743B 



16 


10-6-77 

94.5 

3059 

12964 

"5.1 

1,519 

2353 

78520 

17652 



17 


10-6-77 

94.4 

3058 

12925 

-4,5 

1,457 

8259 

77679 

17463 



IQ 

Repeat (12) 

10-6-77 

96.9 

3137 

12965 

-4,6 

1,559 

2417 

76096 

17107 



19 


10-6-7? 

96,2 

3112 

12981 

-5.3 

1.561 

2419 

78080 

17553 



20 


10-6-77 

80.6 

2608 

12290 

-4.1 

1.684 

2610 

56635 

12732 



21 


10-6-77 

80.6 

2608 

12298 

-3.9 

1.886 

2923 

55705 

12523 



22 

Repeat (21) 

10-6-77 

80.6 

2608 

12295 

! -4.0 

1.891 

2931 

55100 

12387 



23 


10-6-77 

84.3 

2728 

12294 

i -2.5 

1.877 

2910 

5661 3 

12727 



24 

1000 Counts Cor© Cowl Cooling 

10-7-77 

0 

0 

0 


.. 


0 

0 



25 


10-7-77 

1 87.2 

2769 

12440 

-3.7 

2.003 

3103 





26 


10-7-77 

' 03.6 

2019 

12577 

-1,0 

1,693 

2934 

56279 

12632 



27 


! 10-7-77 

95.4 

3099 

13157 

-6.9 

1.615 

2504 

79561 

17886 



20 

Abort 

1 











29 


10-7-77 

95.0 

3067 

12375 

+0.4 

1.875 

2906 

56541 

127’. 1 



30 


10-7-77 

94.9 

3067 

12357 

l.O 

1.681 

2605 

57040 

12823 



31 


10-7-77 

94.9 

3066 

12906 

-4.6 

1,561 

2420 

70140 

17117 



32 


10-7-77 

96.8 

3126 

12986 

-5.0 

1.553 

2413 

78204 

17581 



33 


10-7-77 

89.8 

2901 

12091 

-5.1 

1.550 

•2403 

69917 

15718 



34 


10-7-77 

79.9 

2579 

12399 

-4,6 

U548 

2400 

57827 

13000 



35 

Id hi 

10-7-77 

55.3 

1793 

11398 

"5.9 

1.558 

2415 

26340 

6371 



36 

Idle 

10-7-77 

55.6 

1794 

11358 

-5.2 

1,887 

2925 

28042 

6484 



37 


10-7-77 

79.9 

2578 

12324 

-5.5 

1.690 

2929 

56319 

12661 



3fl 


10-7-77 

89.8 

2099 

12739 

-5.0 

1.680 

2914 

68596 

15421 



39 


10-7-77 

95.3 

3075 

13028 

-5.3 

1.904 

2951 

- 




40 


10-7-77 

97.0 

3133 

13070 

-5.0 

1.890 

2930 

73591 

16344 



41 


10-7-77 

97.0 

3133 

13049 

-5.3 

1.733 

2686 

75758 

17031 



163 


7-16-78 

92.5 

3045 

12880 

-3.1 

1.536 

2381 

68285 

15351 



1 64 


7-16-78 

94.3 

3099 

12954 

-3.2 

1.535 

2380 

69873 

15700 



165 


7-16-78 

85,0 

2791 

12564 

-3,1 

1.535 

2380 

57440 

12913 



1 66 


7-16-78 

30.2 

2633 

12487 

-3,1 

1.535 

2300 





167 


7-16-78 

94.2 

3095 

13001 

-3.2 

1.536 

2381 

71679 

16114 




^Readings I to 41 - gravel surface 

Kc.utlngs 165 to 167 - concr<*to Burfftce 




Table III« Baseline (Fram®*«T^®ated) Acoustic Data Points# (Continued) 


Acoustic 

Rcadi 

COBtRiettt 8* 

Date 

PCWtR 

XNL. 

XHH 

ROPDEG 

A18 

ifl2 In. 2 

FNRIN 

N lb 

xmi 

Probe 

Isasersions 

168 

Decel/Acccl 

7-16-78 




-3.2 

1.536 

2381 





U9 


7-16-78 

94.5 

3100 

13156 

-4.6 

1.535 

2380 


- 



no 


7-16-78 

89.6 

2939 

12826 

-4,6 

1,537 

2383 

66030 

14846 



m 


7-16-78 

79.6 

3612 

12457 

-4.6 

1,536 

2302 

53161 

U951 



172 


7-16-78 

79,6 

2613 

12301 

-4.9 

1.535 

2379 

54299 

12207 



173 


7-16-78 

64,9 

2705 

12740 

-5.0 

1.535 

2380 

61999 

13938 



l?A 


7-16-70 

90.0 

2953 

12927 

-9.0 

1.535 

2380 

70322 

15809 



175 


7-16-78 

92.3 

3034 

mi6 

-5.0 

1.536 

2301 

74272 

16697 



176 


7-16-78 

94.3 

3095 

13225 

-5.1 

1.536 

2381 

77359 

17391 



177 

Accel 

7-16-78 

- 

- 


-5.1 

1.536 

2381 

- 

- 



178 

Abort 

7-16-78 



- 

- 

- 

- 


- 



179 


7-16-78 

94,3 

3094 

13220 

-4.9 

1.536 

2381 

77661 

17459 



100 


7-17-78 

92,3 

3027 

13054 

-5.0 

1,484 

2300 

- 




181 


7-17-73 

92.5 

3033 

13222 

-5.0 

1.484 

2300 

.. 

> 



182 


7-17-70 

90.0 

2953 

13126 

-5.0 

1.484 

2300 

- 




103 ' 


7-17-78 

92.3 

3027 

13054 

-5,2 

1.595 

2473 

73431 

16508 



104 i 


7-17-78 

94.5 

3099 

13265 

-4.8 

1.595 

2473 

78084 

17554 



m 


7-17-78 

9oa 

2955 

12962 

-5.0 

1.595 

2472 

71283 

16025 



106 

Directional Array 

7-17-78 

94.2 

3082 

12466 

4.4 

1.661 

2574 

54308 

12209 



187 

Direct ional Array 

7-17-70 

94.6 

3091 

13100 

-5.0 

1,536 

2382 

76865 

17200 



188 


7-17-78 

94,4 

3082 

12356 

5,0 

1.535 

2380 

53294 

11981 



109 


7-17-70 

94.4 

3082 

12630 

0.0 

1.535 

2380 

62729 

14102 



190 


7-17-73 

94.4 

3082 

12822 

-2.0 

1.535 

2379 

68200 

15350 



191 


7-17-78 

94.5 

3082 

13007 

-4.1 

1,535 

2300 

73943 

16623 



192 


7-17-73 

94.4 

3082 

13162 

-6.0 

1.536 

2381 

77524 

17428 



193 


7-17-73 

94.4 

3081 

13207 

-7.1 

1.536 

i 2381 

79481 

17868 



194 


7-17-70 

94.4 

3082 

13315 

-7.0 

1.536 

2381 

1 00166 

IP022 



195 


7-17-78 

92.2 

3Q08 

U269 

-7.0 

1.536 

1 2381 

j 78226 

17586 



196 


7-17-78 

90.0 

2937 

13143 

-7.9 

1.536 

; 2381 

1 75589 

16993 



197 


7-17-78 

85.1 

2776 

12943 

-7.9 

1.536 

1 2381 

1 69566 

15639 



198 


7-17-78 

80.3 

2620 1 

12667 

-8.1 

1.535 

; 2380 

1 61421 

13808 



199 


7-17-78 

89.4 

2916 : 

12249 

3.3 

1.877 

: 2909 

48059 

10804 



200 


7-17-78 

94.6 

3095 i 

12454 

1.5 

1.695 

1 2627 

1 56510 

12704 



. 201 


7-17-78 

95.0 

3097 ; 

12479 

0.3 

1.877 

1 2910 

1 56021 

12594 




*Concroto Surface 
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Table III, Baseline (Frame-Treated) Acoustic Data Points. (Concluded) 


Acoust Ic 

Comn»entn'*^ 

Onto 

PCNLR 

xm. 

XNH 

ROPDSQ 

AIB 

in. 2 

FNRIN 

N lb 

X«U 

Probe 

Immereione 

202 


7-17-78 

94.8 

3089 

12926 

-3,3 

1,594 

2470 

71923 

16169 



203 


7-17-78 

92.4 

3014 

12841 

-3.3 

1.594 

2471 

69343 

15509 



204 


7-17-78 

09.9 

2932 

12716 

-3,3 

1 . 594 

2470 





20^ 


7-17-78 

90.4 

2948 

12878 

-3.6 

1.4B6 

2303 





206 


7-17-78 

92.5 

3018 

12991 

-3.6 

1.486 

2303 





207 


7-17-78 

94.7 

3034 

um 

-3.6 

1.405 

2302 





200 

OGV Probe 

7-17-78 

94,6 

3083 

13040 

-5.0 

1.523 

2361 


.. 


15 

209 


7-17-78 

90,3 

2949 

13172 

-7.8 

1.579 

2447 

.. 

.. 



210 


7-17-78 

92.0 

3004 

13300 

-7.8 

1.579 

2447 

.. 

. 



211 


7-17-78 

92,1 

3007 

13358 

-8.0 

1.484 

2300 

* 

„ 



212 

90X 

7-17-78 

90.0 

2940 

13153 

-8.0 

1.404 

2300 

• 

> 



213 


7-17-78 

93,7 

3059 

13445 

-8, 1 

1.484 

2300 





214 

Fan NosKle Probe 

7-17-78 

90.5 

3007 

12650 

0.0 

1.645 

2350 

57747 

12902 

! 

15 

215 

Corf Probe 

7-17-78 

90.7 

3006 

12694 

0.0 

1.659 

2572 

50209 

13066 


2 

216 

Core Probe 

7-17-78 

90.7 

3006 

12629 

0.0 

1.880 

2914 

55265 

12424 


2 

217 

Core Probe 

7-17-78 

! 85.0 

2818 

12366 

0.0 

1,880 

2915 

48294 

10857 


2 

218 

Core Probe 

7-17-78 

80.1 

2656 

12234 

0.0 

1.879 

2913 

43682 

9820 


4 

219 

Coro Proba 

i 7-17-78 

54,3 

i 1601 

U307 

-O.l 

1.879 

2912 

22081 

4964 


2 

220 

Cora Probo Accel/Oecel 

7-17-78 

- 

»• 

- 

- 






1 

221 

Coro Probe 

7-17-78 

80.4 

2665 

12322 

-0.2 

1.759 

2726 

47565 

10693 


2 

222 

OGV Probe 

7-17-78 

87.0 

2903 

12607 

-0.3 

1.661 

2574 

56995 

12813 


1$ 

223 

Core Probe 

7-17-78 

80.1 

2648 

1 12319 

-0.1 

1.629 

2525 

46982 

10562 


4 

224 

Fan Noaule Probe 

7-17-78 

93,7 

3090 

1 13154 

-5.0 

1.53/ 

2302 

74250 

16692 


15 

225 

Coro Probe 

7-17-78 

93.8 

3102 

13188 

-5.0 

1.53$ 

2380 




4 


'^Concroto Siirfacfi 




® Wall Kulite Locations 


Hardwall Bellmouth Inlet 


Taped Vanes 



Sound Separation Probes 


Taped Fan Exhaust 


Hardwall Core 


Fan Frame Treatment 


Figure 5. Treated Vane Evaluation Configuration. 


w 




Table IV. Taped Vane Acoustic Data Points. 





^Conerefto Surface 








UTW fully suppressed engine on the test stand is shown in Figure 7. The 
specific data points acquired are tabulated in Table V. This fully suppres- 
sed configuration was tested in both forward and reverse thrust nodes of 
Operation. 

E^al«ation of the core suppressor stacked treatment was conducted on 
the confipration shown schematically in Figure 8. Only the stacked treat- 
^nt in the core was removed and replaced with hardwall panels. Acoustic 
data points are tabulated in Table VI, 

nnw fi«fl ~nfiguration tested was fully suppressed with wall treatment 
Thir r„ ^ ~ hyp&ss duct, shown schematically in Figure 9. 

This configuration was tested at the acoustic data points listed in Table VII. 
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Table V. Fully Suppressed Acoustic Data Points. 


Acoustic 

Readings 


Concnent s 


A2 

A3 

AA 

A5 

A6 

A7 

AH 

A9 

50 

51 

52 

53 

5A 

55 

56 
5? 
50 

59 

60 
61 
62 
63 
6A 

65 

66 

67 

68 

69 

70 

71 

72 

73 
7A 

75 

76 

77 
70 

79 

80 
ai 
82 


Background Noise 

500 Counts Core Cowl Cooling 
Idle 


Idle 


Aborted - High Winds 
Fan OGV/Nozzle Probe 
Fan OGV/Nozzle Probe 
Coro Cowl Cooling 
Uar.kBrouiul NoIho 
IdU 


Accel/Decel 


Date 


500 Counts Core Cowl Cooling 
Background No I no 


1-3-73 

1-3-78 

1-3-78 

1-3-78 

1-3-78 

1-3-78 

1-3-7S 

1-3-78 

1-3-78 

1-3-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

l-A-78 

3-10-78 

3-10-78 

3-10-78 

3-10-78 

A-3-70 

A-3-78 

A-3-78 

A-3-78 

A-3-78 

A-3-78 

A-3-78 

A-3-70 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 

A-A-78 


PCNLR 


0 

60.1 

79.6 

79.7 
89.6 
9A.6 

96.5 

96.6 

96.7 
96. A 
9A.7 
60,3 
9 A. A 
91.9 

90.7 

91.8 
89. A 
88.0 

94.6 

96.5 

O' ; 

0 

> 4*3 

92.2 

97.2 
95.1 

92.A 

96.5 

95.3 
75,8 
96.0 
9A.8 

91.7 

89.8 
0 

0 

96.3 
96.5 

91.8 


XNL 


XNH 


0 

0 I 

1083 

2A89 

2A97 

2805 

2962 
3023 

3022 

3023 
3023 
2971 
189A 

2963 
2372 
2837 
2870 
2801 
2756 

3016 

3077 

0 

0 

178A 

3028 

3188 

3123 

3027 

3165 

3128 
2A86 
3150 
3110 
3009 
29A7 
0 

0 

3122 

3129 
3011 


10887 

um 
12126 
125B0 
1281 A 
12063 
12886 
12001 
12001 
U983 

11966 

U97A 

11983 

U995 

U997 

U963 

12157 

12256 

0 

0 

11567 

132A3 

UA67 

13393 

13267 

13A70 

13A38 

UA72 

13AA8 

13A15 

13225 

13076 

0 

0 

UA38 

13A99 

13229 


ROPDEG 


A18 

m2 in. 2 


5.2 
-A. 8 
-4.7 
-A. 7 
-A. 6 
-A. 6 
-A, 7 

3.7 
A. 3 
3. A 
6.0 
A. 3 

3.3 
3.3 

3.2 

1.3 

1.2 

5.2 

3.2 
0 

-5.0 

-5.0 

-5.0 

-5.0 

-5.0 

-5.0 

-5.0 

-5.0 

-5,0 

-5.0 

-5.0 

-5.0 

-5.0 


-5,0 

-5.0 

-5.0 


1.613 

1.526 

1.527 
1.530 

530 

1.530 

I.A89 

059 

1.738 

1.7A0 

1.3A8 

1.6A5 

1.862 

1.738 

1.861 

1.861 

1.7A0 

1.6AB 

1.862 


1.616 

1.587 

1.586 

1.587 
1.587 
1.553 

1.551 

1.552 

1.529 

1.530 
1.530 
1.530 
1.530 


I.A09 

1.419 

1.A21 


2500 

2366 

2367 

2371 

2372 
2372 
2308 
2882 
2694 
2697 
2089 
2550 
2886 
269A 
2885 

2885 
2690 

2555 

2886 


fnrin 


lb 


2503 

2A60 

2459 

2460 
2460 
2408 

2405 

2406 

2370 

2371 
2371 
2371 
2371 


2300 

2199 

2203 


2A8A3 

58005 

59055 

7A379 

79832 

80864 

82110 

53468 

53979 


53681 

53601 

53285 

53525 

53383 

53561 

54566 

54793 

0 

0 

26476 

74899 

76976 

75976 

74735 
77702 
77110 
50401 
77919 
77408 
74A41 
71768 
0 
0 

79178 

74232 


5585 

13040 

13276 

16721 

17947 

18179 

18459 

12020 

12135 


12068 

12050 

11979 

12033 

12001 

12041 

12267 

12318 

0 

0 

5952 

16838 

17305 

17080 

16801 
17468 
17335 
11344 
17517 
17402 
16735 
16134 
0 
0 

17800 

1668B 


xmi 


Probe 

Iroaerslons 


0.607 

0.739 

0.821 

0.839 

0.822 

0.619 

0.613 


0.590 

0.623 

0.609 

0.626 

0.629 

0.614 

0.593 

0 

0 

0.354 

0.773 

0.831 

0.809 

0.765 

0.818 

0.805 

0.549 

0.808 

0,797 

0.747 

0.717 

0 

0 

0,789 

0.731 

0.698 


■^Gruvol Surface 
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Table V. Fully Suppresoed Acoustic Data Points. (Concluded) 



Comments* 


HfickKroumJ NoIho 
Facility On 
Mle 

t’acUity Off 
Krtc j I ity On 
MU 

Approximately 0OX 
Approximately 9231 
MU 


Date 

PCNI.R 

r XNL 

XNH 

A-17-78 


lo30 

12900 

4-17-78 

96.2 

3086 

13002 

4-17-78 

90.7 

2909 

12730 

4-17-78 

90.9 

2913 

12758 

4-1 7-70 

96,2 

3003 

13027 

4-17-78 

94.8 

3040 

13007 

4-17-78 

56.2 

1013 

11400 

4-21-78 

0 

0 

0 

4-2U78 

0 

0 

' 0 

4-21-78 

56.8 

1806 

11227 

4-21-78 

82,4 

2625 

12435 

4-27-70 

0 

0 

0 

4-27-78 

0 

0 

0 

4-27-78 

57.8 

1874 

10870 

4-27-70 

80.3 

2597 

11941 

4-27-78 

92.0 

2998 

12050 

4-27-78 

53.7 

1736 

10960 


ftOPDJtC 


-3.3 

-3.3 

-3.3 

-3.3 

-3.3 

-3.3 

-3.3 

-100 

-100 

-100 

-100 


-5./ 
♦3.3 
♦ 3.3 
♦3.3 


*(irnvol Surface 

»*0<n-o «nd On« V«r-Kl.ld Microphone nt 110- on « 47.2 m (135 ft) ore. 


A 

18 

in.2 

FNRIN 

N lb 

XMU 

Probe 

Iffisneriiont 

1.546 

2400 

74552 

16760 

0.737 


1.548 

2400 

76687 

17240 

0.749 


1.548 

2400 

69027 

15518 

0.685 


1.484 

2300 


m 



1.484 

2300 

77897 

17512 

0.742 


1.484 

2300 

M. 




1.871 

2900 





Flaretl 

0 

0 



Flared 

0 

0 



Flared 

-U361 

-2554 


' 1 

Flared 

-21120 

-4748 


1 



0 

0 


1 



0 

0 



1.879 

2906 





1.875 

2906 





1,875 

2906 

* 




1.875 

2906 

- 

- 










Acoustic 

Rc.iding» 

Comment 

^ 226 

Idle 

227 


22» 


229 


230 

Accol/Decel 

231 


232 


233 


234 

Inlet Probe 

235 


236 


237 


238 . 


2 39 


240 


241 

Inlet Probe 

242 


243 


244 


245 


246 

Accel/Decel 

?. 4 ? 


248 

Artrty 50" 

249 

Array 60' 

250 

Array 80* 

251 

Array 100* 

252 

Array llO* 

253 

Array 120" 

254 

Array 120* 

255 

Array 1 10* 

256 

Array lOO" 

257 

Array 80* 

25B 

Array 60* 

259 

Array 50* 

260 

Core Probe 

261 

OGV Probe 

262 

Fan Nozzle Probe 

263 

Core Probe , 

264 

Core Probe 


Fully Suppressed/Hard-Core Auoustlc Data Points 







Table VI. Fully Suppressed/Hard-Core Acoustic Data Points. (Concluded) 


^C.OUBt ic 

Comment •* 

Date 

PCHtR 

XNL 

XNH 

ROPDEG 

AIB 

m2 in. 2 

PNRIN 

N lb 

xmi 

Probe 

Imcnerfliono 

265 

Core Probe 

7-19-78 

80,0 

2657 

12268 

O.l 

1.879 

2913 

43032 

9674 

0.522 

4 

266 

Core Probe 

7-19-78 

54.1 

1799 

U347 

-0.2 

1.877 

2910 

31654 

4b68 

0.343 

2 

267 

Core Probe Acccl/Dccel 

7-19-78 


• 


-0.2 

1.877 

2910 


.. 



268 

Core Probe 

7-19-78 

79.9 

2656 

12352 

-0.3 

1.737 

2724 

46150 

10375 

0.534 

2 

269 

Core Probe 

7-19-78 

79.9 

2656 

12357 

O.l 

1.628 

2524 

46166 

10379 

0.521 

4 

270 1 

Core Probe 

7-19-78 

93.1 

3094 

13189 

-4.8 

1.537 

2382 

71541 

,16083 

0.713 

4 

271 

OCV Probe 

7-20-78 

93.1 

3094 

13189 

-4.8 

1,537 

2382 

71541 

16083 

0,713 

6 

272 

Fan Nozzle Probe 

7-20-78 

93.2 

3093 

13212 

-4.8 

1.537 

2382 

71541 

16063 

0.711 

6 

273 

Untlcrcowl Cooling 

7-20-78 

0 

0 

0 




0 

0 

0 


276 ! 

Background Nolne 

7-20-78 

0 

0 

0 

- 

- 

- - 

0 

0 

0 
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Table VII. Fully Suppreased/No Splitter Acoustic Data Points, 


Background Noise 


Prohp 

Dv'ccl/Accel 


Core Probe Idle 
Core Probe 
Core Probe 
Core Probe 
Fan Noxele Probe 
OCV Probe 
Fan No*«le Probe 


7-20-78 

7-20-78 

7-21-78 

7-21-70 

7-21-78 

7-21-78 

7-21-78 

7-21-78 

7-21-78 

7-21-78 
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4.0 ACOUSTIC IK5TRUMESTAT10M 




Acoustic data vere acquired on this engine using a variety of acoustic 
instrumentation including far-field microphones, a directional acoustic array, 
in-duct wall-mounted Kulites, and in-duct sound separation probes. 


4^1,1 Far-Field Ins truant at ion 

The far— field data acquisition systesa is presented schematically in Fig- 
ure 10. Initial testing (through acoustic Reading 144) was conducted over a 
gravel surface. This surface consisted of a leveled semicircle of approxi- 
mately 76 m (250 ft) radius with a crushed rock surface composed of rock sizes 
of approxiaately 2.5 to 5 cm (1 to 3 in.) diameter. Far-field microphones 
were located at acoustic angles of 10* through 160* in 10 increments on a 
45 7 H (150 ft) arc centered near the fan rotor plane. Standard microphone 
height over the gravel surface was 12.2 m (40 ft). Ihis height was selected 
in the early 1970® s to simulate ground reflection patterns for the flight 
case, experienced with a 1.22 ra <4 ft) microphone height. To aid in estab- 
lishing the free-fieid corrections over the gravel surface, four microphones 
were located 1.22 m (4 ft) off the ground at acoustic angles of 60, 100, 110, 
and 120* during portions of the testing. A photograph of the gravel sound 
field and 12.2 s (40 ft) towers is shown in Figure 11. 

Subsequent testing was conducted after the acoustic arena had been paved 
with concrete. Micronhoaes were located at engine centerline height 3.^6 m 
(13 ft) above the concrete and 1.27 cm (0.5 in.) above the concrete at acous- 
tic angles of 20 to 160* in 10* increments. Figure 12 shows the concrete 
sound fi€-.ld used for the QCSBE test program. Microphone stands were located 
on a 46.5 m (152.4 ft) arc, centered on the fan rotor plane. A photograph 
of the microphone system and support stands for the concrete field is shown 
in Figure 13. 

Other far-field acoustic instrumentation included a Directional Acoustic 
Array, as shown in Figure 14. Details of the directional characteristics of 
the Array can be found in Reference 5. The Array was positioned^on a 30 m 
(100 ft) arc at acoustic angles of 50, 60, 80, 100, 110, and 120 . ^^ile at 
each anole, it was aimed at seven different positions on the engine including 
the inlet, fan bypass exhaust nozzle, and core nozzle. Postrun analysis then 
determined the relative contribution from each aiming point on the engine at 
each of the six far-field acoustic angles. 


A schematic of the far-field acoustic data acquisition systm used is 

shown on Figure 15. The system is used for obtaining data from 50 through 
the 20 kHz 1/3-octave center frequency band. Microphone types 
far-field data acquisition are the Bruel and Kjaer (B&K) 4133 and 413^ 1. 7 cm 
(0.5 in.) condenser microphones. The 4134 microphones, oriented for 90 inci- 
dence, were utilized for ground plane measurements and 4133 microphones, orien 
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Figure 11. Cioneral Electric Company Acoustic Teat Facility (Gravel). 
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ted for 0® incidence, were utilised fox centerline height measurements. All 
microphone systems utilized the B&K 2615 cathode follower and B&K ^ 
supply with the 50a output option to provide a flat reaponse through the 20 kHz 

region of interest. 

All data were recorded using two Sangaao Sabre IV FK tape systems 
ted in IRIG interseditfte band mode at a tape speed of 76 cm per second (30 
ips). The overall frequency response of the acquisition and reduction system 
was determined for each channel by recording a pink noise signal through the 
cathode follower with playback and processing through the data reduction sys 
tea. These corrections were then included in the data processing to account 
for flatness deviations in system response. 

During testing, on-line quick-look 1/3-octave data were obtained using 
a General Hadio 1921 spectrum analyzer and plots obtained with an X-Y plotter. 
Kormalization of the tape amplifiers and a selector switch permitted obtaining 
absolute level spectra (without systsa corrections) of any of the far field 
mi cro phones - 

4.1.2 In-Duct Kulites 

mteraal acoustic instrumentation for these tests consisted of Kulites 
flush-EOunted on the flowpath vails and probe-mounted Kulites which coulo be 
i^ersed into the flow. All in-duct instrumentation is tabulated m Table 
VIII. A schematic of the Kulite data acquisition system is given in Figure 16. 

The crobes used in the fan duct had either two or three flush-^?ounted 
Kulite sensors on them. A three-element probe is shown in the insert in ig- 
ur-* 16 The probe used in the core nozzle had two elements and was water- 
cooled to permit immersion in the hot exhaust. These multiple-eluent probes, 
as reported previously in Reference 6, are known as sound separation probes 
and permit discrimination between broad band sound and turbulence in due 
probe measurements. All probes were traversible radially to provide data 
across the duct. 


4.2 BATA REDUCTION 

Off-line reduction of the recorded data was performed using as automa^d 
1/3— octavs reduction system^ shora schematicaily on Figure 17* The recor 
data were played back on a CEC 3700B, 28-track system, with electronics capa 
ble of reproducing IRIG wide band Groups I and II and intermediate band data. 
All 1/3-octave analyses were performed using a General Radio 1921 1/3-octav 
analyzer. A normal integration fl-ne of 32 seconds was used to 
quate ssEpiing of the low frequency portion of the data signal, ^e data fre 
duenev range for the QGSEE UTW test series was 50 Hz througn 20 kfez. Each 
data channel is passed through an interface to a GCTAC 30 computer, where data 
are corrected for freouenev response of the acquisition and reduction system 
and for microphone head response. A "quick-look" display of results is pro- 
vided by means of a Tenninet 300 console with data transferred and stored 



Table VIII. In-Duct Acoustic Instruxcentation. 


Itesa 

Engine 

Station 

Angle* 

Inlet Throat Probe {3-element SSP) 

115.0 

120 

Inlet Wall Kulite 

106.6 

270 

Inlet Wall Kulite 

122.8 

270 

Inlet Wall Kulite 
Inlet Wall Kulite 

136.4 

157.0 

270 

280 

Fan Face Probe (2-ele52ent SS?) 

154.8 

180 

Fan Frame Wall Kulite 

188.5 

110 

OGV Exit Probe (3-element SSP) i 

204.5 

282 

Fan Exhaust Wall Kulite 

204.1 

112 

i Fan Exhaust Wall Kulite 
Fan Exhaust Wall Kulite 

213.0 

230.0 

110 

110 

Fan Exhaust Wall Kulite 

242.0 

110 

Fan Nozzle Probe (3-eletaent SSP) 

267.4 

90 

Core Nozzle Probe (2-eleaent water-cooled SSP) 

289.7 

270 


*aft looking forward 






Pneumatic Preeaure 
Calibration System 


FlelcJ Amplifier 



Kullte Data Acquisition System, 




• Tiae Code Comparator Starts Integration on G.H. Analyzer 

• Tape Automatically Shuttles to Restart on Each Recording Channel 











in the Koneyiesell 6000 syst^a by a direct timesharing link. Processing in the 
6000 syst^ is performed ^ith the Full-Scale Data Reduction (FS0R) program, 
^ere calculations are performed correcting data for atmospheric attenuation 
in accordance with Reference 7 with all data output corrected to 298 K 
(77 F) , 70% relative humidity, acoustic standard day. Additional calcula- 
tions, including data scaling, extrapolations, perceived noise level (PHL), 
overall sound pressure level (OASPL), and sound power level (?^) also are 
performed. As an option, the output of FSDR is written to digital magnetic 
tape for subsequent data plotting with Calcomp plotter routines. 

Other data reduction techniques were also used. Constant bandwidth nar- 
row band spectra were reduced on the Federal Scientific Complex time 

series analysis such as cross correlation, coherence functions, and probabil- 
ity density were processed through the General Radio/Time Data Syst^, a com- 
puter based system incorporating analysis techniques in both the time and 
frequency domains. 



5.0 FORl^RD THRUST ACOUSTIC RESULTS 


The bulk of the testing on the UIW ccBpos ite nacelle was devote to s^a— 
suring and evaluating forward thrust no i'^e levels. Approximately 275 acoustic 
data points were taken on four configurations. Reporting on these data will be 
acc<^plished by investigating the inlet-radiated and exhaust-radiated noise 
and then evaluating the engine syst^ noise levels and how these levels com- 
pare to the noise goals of the QCSEE program. 

5.1 mET-RABIATED HOISS 

Analysis of the inlet-radiated noise is divided into two main categories - 
basic source noise levels and the suppression achieved with the hybrid inlet. 

5.1.1 Baseline feise Levels 

The inlet for the baseline configuration was a hardwall cylindrical bell- 
mouth as shown in Figures 2 and 3^ and the fan exhaust duct walls were rendered 
hardwall with E^tailic tape over the treatment. There was frame treatment be- 
tween the rotor and the OGV's plus treatment on the pressure side of the vanes. 

As part of the engine design procedure, detailed estimates of the far- 
field noise were made at select angles. These estimates utilized ssodel data 
feijere available and empirical correlations from General Electric experience 
on other engines. Figure 18 compares predicted constituents, their total, 
and measured spectra at 60* on a 46.5 m (152.4 ft) arc at takeoff thrust. 
Several different combinations of speed, blade angle, and fan bypass nozzle 
area give representative measured results. In uhe low frequencies below 250 
Kz, there is good agreement; however, at higher frequencies, the measured 
levels are consistently higher than predicted. Measured PNL*s are 3.4 to 4.5 
PNdB higher than predicted. Higher-than-predicted noise levels are evident in 
the 1/3-octave bands which contain the fan BPF (1000 Hz), its second harmonic 
(2000 Hz), and the fan third harmonic (2500 Hz). In an effort to understand 
wiiether higher-than-predicted tones or fan broadband noise caused the PNL to 
be higher than predicted, a study was made by arbitrarily reducing the BPF and 
its harmonics by 5 dB in various combinations. The study indicated that a 5 
dB reduction on the BPF reduced th^ PPJL by 0,5 PHdB. Individual reductions of 
5 dB on the band containing the second or third harmonic lowered the PNL by 
only 0.2 PNdB. Reducing ail three bands by 5 dB lowered the PNL by 1.2 PNdB. 

It appears that while higher-than-predicted fan tones can contribute up to 1.2 
PNdB of the 3.4 to 4.5 PNdB increase over predicted, the remaining increase 
Eaist be due to fan broadband noise above 250 Hz. 

At approach, measured levels are also higher than predicted over the en- 
tire frequency spectrum as shown in Figure 19, and range from 1.1 to 2.7 PNdB 
higher. Note the variations in fan speeds, blade angles, and fan bypass noz- 
zle area that could be used to give approach thrust. 
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Frca an engine and acoustic system standpoint, the most desirable combi- 
nation of blade angloj fan speed, and fan bypass nozzle area is high fan speed, 
open nozzle area, and closed down blade to achieve thrust. The high fan speed 
provides for quick response from approach to takeoff thrust in the event of a 
wave— off or missed approach. Large fan bypass nozzle area decreases the ex- 
haust velocity and hence the jet/fiap interaction noise. Fr<^ the data in 
Figure 23, there is no apparent acoustic penalty for operating with high fan 
speed, open nozzle, and closed blade. 

Figure 24 presents the variations in noise with thrust for several blade 
angles and for fan nozzle areas near takeoff setting. PNL and the 5000 Hz SPL 
show very little change with respect to blade angle. At the higher thrusts, it 
appears that the more open nozzle area data are slightly higher by 1 to 2 dB. 
The 3PF SPL shows a lot of scatter but no significant trends with regard to 
blade angle or nozzle area. 

The baseline data presented here for the (^SEE UTW variable pitch fan 
have indicated no optimum blade angle for minimum noise over the range of 
blade angles tested. Fan source mechanisms are many and varied for a static 
fan test. For example, one of the major noise sources is known statically to 
be the interaction of the rotor with inlet turbulence. This source appears 
to be made up of both a dipole soiree and a quadrupole source; one of i^ich 
varies with blade loading and one independent of loading. If, for this fan 
design^ the dipole, rotor-turbulence interaction source controls, then no 
change with blade angle would be expected to occur. In flight, however, the 
ingested turbulence is no longer affected by the contraction ratio of the 
static inlet and this rotor-turbulence interaction noise is reduced. In the 
flight case then, the effect of blade angle may be important. 


5.1.2 Inlet Suppression 

The UTW composite nacelle inlet acoustic design was based upon scale-model 
tests in the General Electric Company anechoic chamber (Reference 9) . Suppres- 
sion objectives for the inlet, which is shown schematically in Figure 25, were 
12.8 PKdB at takeoff with a 0.79 throat Mach number and 6.3 FNdB at approach. 
More details of the inlet design and suppression objectives are available in 
Reference 1. Basically, the design was a hybrid inlet which relied on high 
throat Hach number suppression at takeoff and utilized single-degree of-freedom 
wall treatment for approach and reverse thrust suppression. 

Variation in PHL as a function of inlet throat Mach number is presented 
in Figure 26 for acoustic angles of 50 and 60*. Data are shown from different 
blade angles and indicate that there is very little variation with blade angle. 
Baseline levels are from a hardwail cylindrical inlet with a bellmouth and 
have a low inlet throat Mach number. For comparison purposes, these baseline 
data are plotted at an equivalent Hach number which the same engine setting 
would give with the high Mach number inlet. Suppressed data at both angles 
tend to flatten out at throat Mach numbers of 0.75 and higher. The anticipa- 
ted variation in suppressed inlet PNL with throat Mach number is based on the 
model tests as shown at 60°. 
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Analysis of directional array data at a throat Mach number of 0.73 indi“ 
cated that exhaust radiated fan noise was a major contributor to the forward 
quadrant noise levels in the frequency range of 1250 to 4000 Hz (operating 
frequency range of the directional array). Figure 27 indicates the relative 
SPL®s frois various aitaing points on the engine at an acoustic angle of 60*. 

For the frequencies shown, exhaust radiated noise frc^ the last three aiming 
points is a major noise source at 60*. On a spectral basis in Figure 28, cor- 
recting the noise levels at 60* to inlet radiated noise only results in the 
revised SPL spectrum and suppression spectrum shown which* results in 2 PlldB 
store suppression. This is in agreement with the scale-modex inlet radiated 
curve superimposed on the data in Figure 26. T lis scale-model curve indicates 
that the inlet suppression is 14 to 15 FNdB at 0.79 throat Mach number - well 
above the goal of 12.8 PHdB. Earlier tests of a similar inlet on the QCSEE 
OW engine, as reported in Reference 10, produced inlet suppression of 14 PNdB 
at 0.79 throat Mach number. 

As mentioned earlier, one of the unique features of a variable pitch fan 
is its capability to hold constant approach thrust at a variety of blade angle 
and nozzle cotsblnatxons. A desirable combination is high fan siseed (to reduce 
engine response tfee in the event of a wave off) and open fan nozzle (for low- 
ered jet velocity and therefore jet/fiap noise). This desirable combination 
was tested along with several other combinations, as shown in Figure 29. Here 
the fully suppressed P2fL is nearly constant with blade angle. At the closed 
blade angles and high fan speeds, inlet suppression is about 4.0 dB. It was 
anticipated that 6.3 PHdB inlet suppression would be achieved with the SDO? 
treatment of the hybrid inlet at the low inlet Hach numbers associated with 
approach. While the design (on which acoustic predictions were based) called 
for a treated inlet length to fan diameter ratio (L/D) of 0.74, the inlet 
actually had a treated L/D of 0.67, as noted in Figure 25. On a linear basis, 
the suppression would be less by 0.6 PHdB; therefore, the estimated suppres- 
sion for this inlet is 5.7 PKdB compared to 4.0 measured at the approach 
points with closed blade angle. 

It is apparent in Figure 29 that a slightly higher level of PHL suppres- 
sion of about 6 PHdB could be achieved at blade angles that were opened sev- 
eral degrees from the closed blade angles associated with the high fan speed, 
low nozzle area point discussed above. Predicted suppression levels were 
not calculated for this condition. 

Figure 30 compares inlet suppression spectra observed with the wall- 
treated high throat Mach number (hybrid) inlet at approach thrust. Data are 
presented for three exhaust configurations. In the low frequency region from 
315 to 630 Hz, suppression is increased by the presence of the stacked treat- 
ment in the core, iz^icating that these frequencies are exhaust-radiated core 
noise controlled, and not inlet-radiated fan noise. Above 1000 Hz, the sup- 
pression spectra are generally independent of exhaust configuration indica- 
ting that these frequencies are inlet radiated. The directional array results 
shown in Figure 31 confirm that the approach SPL^s at 2000 to 4000 Kz are inlet 
radiated. At 1250 and 1600 Hz, there appears to be some contribution from the 
exhaust quadrant. At these lower frequencies, core noise may be the contribu- 
tor; because, for the configurat ion on which these array results were measured. 
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the core was hardwall^ The exhaust radiated noise had only a small effect on 
the forward radiated noise levels. PNL calculations made with the exliaust 
radiated components removed from the 800, 1000, and 1250 Uz band only increased 
suppression by 0.2 PNdB. 


5.2 EXHAUST->Ria?IAT£D KOISE 


The VW engine, as shown schematically in Figure 1, incorporated many low 
noise features in the fan and core exhaust to lower exhaust-r^ rated noise. 
Baseline levels of the fan will be compared with pretest predictions and the 
performance of the low noise features will be discussed in the following sec-- 
tions. 


5.2.1 Baseline Noise Levels 

Prior to testing the DTW engine, estimates were made of the individual 
exhaust-radiated com^nents for static tests at takeoff and approach. Com- 
parisons of the predicted and measured baseline spectra are presented in Fig- 
ures 32 and 33 at takeoff and approach, respectively. At low frequencies, 
the systm noise level, composed primarily of jet noise, is either as pre- 
dicted cr lower. At higher frequencies, however, the measured spectra are 
consistently higher than predicted resulting in the measured FKL being 2.6 to 
5.5 FHdB higher than predicted. As was the case for the inlet -radiated spec- 
tra, the l/3-octave bands include both fan tones and broadband noise. As" 
is^icated in the narrow band spectra of Figure 34, these tones control the 
1/3-octave bands of lOGO, 2000, and contribute signif icantly to 2500 Hs. At 
frequencies above 3000 Hs, the fan tones do not contribute significantly to 
the 1/3-octave band level. To determine if higher-thaa-predicted tone con- 
tent heavily influenced the PHL^s, a sttsdy was conducted which reduced the 
1000, 2000, and 2500 Ez 1/3-octave bands by 5 dB. Such a reduction on these 
bands containing the first three fan tones, reduced the FHL by 0.6 PHdB at 
both takeoff and approach. This indicates that higher-than-predicted fan 
broadband noise accounts for the higher-thaa-predicted exhaust radiated base- 
line noise levels. In Figures 35 and 36, at takeoff and approach, respectively, 
the directional array indicates that the high frequency broadband noise reaching 
the far-fj.eld microphone at 120® on a 30.48 m (100 ft) arc is exhaust— radiated 
with the fan bypass nozzle being the main source. In Figure 36 at 1000 Hz, 
which contains the fan BPF, there appears to be a strong contribution from 
A i mi n g Point 4 ^’here the fan duct attaches to the fan frame. This could indi- 
cate a leakage path; however, this high level is not observed at other angles 
and other speeds. 

Results from a probability density analysis of the fan BPF and second 
har^nic tones are presented in Figure 37. Ihese signals in the aft quadrant 
hav^ a random amplitude probability distribution {as they did in the inlet) 
which implies that a random mechanism, such as rotor-turbulence generated 
noise,, may be the dominant source mechanism. 

At approach thrust, the inlet-radiated noise showed very little variation 
with blade angle. Figure 38 shows the variation in aft quadrant noise with 
blade angle. Toere is a slight tendency for the BPF to decrease as the blades 
are closed; however, the high frequency SPL*s and the PKL*s are essentially 
invariant with blade angle over the range tested. 


56 



A18 


Syssbol 

Reading 

k:klr 

BOPDEG 

b2 

in. 2 

PNL 

o 

16 

94.5 

-5.1 

1.52 

2355 

121.6 

O 

17 

94.4 

-4.5 

1.46 

2259 

121.0 

A 

18 

96.9 

-6.9 

1.56 

2417 

121.8 

□ 

27 

95.4 

“4.6 

1.62 

2504 

123.0 


Predicted 

• Baseline (Fraise Treated) 

• Takeoff Iturttst 



63 125 250 500 1000 2000 4000 8000 

Frequency, Ez 


Figure 32. Measured and Predicted 120® Baseline Spectra at Takeoff 
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Figure 33. Measured and Predicted 120® Baseline Spectra at Approach. 
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Figure 34. Narro-s? Band Baseline Spectra at 120®. 
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Due -to the limited blade angle variation at takeoff thrust, noise levels 
^re plotted as a function of thrust for fan bypass nossle areas near takeoff. 
The data, shown in Figure 39, indicated no significant variation in noise with 
blade angle. As with the inlet*-radiated tone noise, it appears that a fan 
source Esechanisa such as the dipole, rotor-turbul^ce interaction is control- 
ling and thus no change with blade angle would be expected to occur. Under a 
turbulence— free environment such as in flight, tte effect of blade angle could 
be important as a means of minimizing tone noise. Rotor turbulence generally 
works on tones; however, recent studies have indicated that high frequency 
bro^ band noise can also be attributed to rotor turbulence noise. This would 
^aa that in-flight conditions could improve high frequency broad band noise. 

The exhaust-radiated fan noise which controls the spectra above 800 Hz, 
was predicted based upon General Electric Company experience with fixed pitch 
fans (Reference 3). It appears that the fixed-pitch fan data base cannot be 
used to reliably predict a variable— pitch fan design. Variances such as fan 
solidity, blade ni^ber, and perhaps the vane— frasse itself are possible causes 
of discreparcy. Additional investigations are in order to determine the exact 
cause of our divergence. The QGSEE UTH engine does provide an excellent data 
base on whicii future variable— pitch designs and tK>ise estimates can be made. 


^ 5.2.2 Exhaust Suppression 

5. 2.2.1 Engine Treatment 

Exhaust-rsdiat^ noise on the ^SEE UTH engine consists of fan noise 
(both tones and bro^ hand)» low frequency combustor noise, low frequency jet 
m>ise, and high frequency turbine noise. In order to Eseet the challenging 
iK>ise goals of the QCSSS program, suppression for the fan, c<3m^ustor, and tur- 
bine was incorporated into the design of the UTH composite nacelle. 

Schesatics showing the exhaust treatments for the fan bypass duct and 
the core are presented in Figures 40 and 41, respectively. Included in the 
fan treatment are fan fr^se treatment betweeen the rotor and OGV, vane treat- 
^Qt on the pressure surface, fan bypass duct wall treatment, and an acoustic 
splitter. Tne core incorporates a "stacked" treatment to attenuate both the 
low frequency combustor noise and the high frequency turbine noise. 

Variation of the aft quadrant PSL*s with ermine thrust is shown in Figure 
'42. Fully suppressed levels relative to the baseline (frame treated) configu- 
ration are lower by 6 to 8 PRdS. These data are for blade angles and opera- 
ting lines representative of takeoff conditions. There appears to be no sig- 
nificant variation present due to either blade angle or fan bypass nozzle 
area over the range presented. On a spectral basis. Figure 43 compares spec- 
tra from baseline fully suppressed configurat ions at takeoff thrust over 
a range of blade angles and fan bypass nozzle areas. The average suppression 
from these data is cofipared with predicted values in Figure 44. ^te that 
these measured and predicted suppression spectra are for the engine system 
as tested — not for an individual component. Cki a FKL basis, tne ctverage 
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Figure 40. Con55osite Kacelle Fan Exhaust Duct Treatment. 
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Figure 41. Core Exhaust Treatment. 
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Figure 44. Measured and Predicted Engine Exhaust Suppression 
Spectra at Takeoff. 


es^ssured PHL suppression is 7.1 PMB cc^pared to a predicted 9.2 PHdB. Sup- 
pression of the BFF and its second harsonic were less than anticipated and 
this is tha primary reason for not seating the predicted suppression* 

Directional array data at near takeoff thrust are presented in Figure 45. 
At 1000» 1250, ami 1600 Rs, there is a significant contribution from the core 
region. This is not surprising since, for the directional array study, the 
engine was fully suppressed except for the core which was hardwall. At higher 
frequencies, the noise is radiated from the fan exhaust. 

Approach baseline and fully suppressed spectra are presented in Figure 
46. &ippres3ioa is evident at low frequencies near 500 Hz, which is ccssbustor 
noise, and at the higher frequencies associated with fan noise. The average 
suppression spectra froai these data is compared to predicted in Figure 47. 

The average PHL suppression is 7.5 PKdB compared with a predicted value of 
$.6 P^B. 

As did the takeoff directional array data, the fully suppre sed/hardwall 
core configuration at approach in Figure 48 indicates a strong contribution 
of core noise at all frequencies. The 2500 and 3150 Hz bands indicated that 
inlet-radiated noise is contributing to the far field 120® levels. At 4000 Hz, 
the noise is all exhaust-radiated. 

ihie to the high bypass ratio and fan diameter of the <^SEE VW engine, 
the fan bypass duct height was very large, on the order of 0.51 m (20 in.). 

The desired level of fan exhaust suppression required the use of an acoustic 
splitter in this large duct. This splitter was removable and the exhaust sup- 
pression with the splitter removed is shown in Figure 49 for takeoff and ap- 
proach. measured suppression spectra for the splitter-out case are in 

goci agreesaent with predicted for wall-treatment -only, except at 2000 Hz and 
the high frequencies near 6300 Hz. As a result, the measured PHL suppression 
is about 1 to 1.5 PHdB less than predicted. These results indicate that the 
use of the acoustic splitter in the fan bypass duct increased suppression by 
about 4 PNdB. 

In-duct instrumentation in the fan bypass duct consisted of flush-mounted 
wall Kulites and radially traversible sound separation probes. Figures 50 and 
51 show the axial decay of the fan BPF and fan second harmonic for approach 
and takeoff, respectively- At approach, the loss down the duct is on the order 
of about 10 dB on the tones. At takeoff, the fully suppressed configurations 
show some scatter but generally also give about 10 dB tone suppression. Narrow 
band spectra at takeoff in Figure 52 indicate that the BPF tone decreases down 
the duct; however, there is still a tone remaining. The second harmonic has 
been generally suppressed to the broadband by Station 242. Higher fan harmon- 
ics still remain even at Station 242- Similar spectral results are evident at 
approach in Figure 53. Fan second harmonic tone suppression is evident to the 
broadband floor while higher fan harmonics are still visible in the spectra. 

Ho te that there is as identifiable tone at 7600 Hz which is the BPF of the 
core compressor first stage. ^ - 
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Figure 48 


. Fully Supprosscd/Iiard Core Directional Array Data for 120® at Approach. 







































Souc^ separation probe data ^re acquired at approach for several radial 
i^eraioss at stations the OG? trailing edge and the fan bypass nozzle 
flap trailing edge. Results are presented in Figure 54 and show that the 
narrow band tone transmission losses were 21 and 15 dB, respectively, at 

the fan BPF and fan second harmonic. 


5*2. 2. 2 Vane Suppression 

One of the ^vanced technology items in the QCSEE program was the incorpo- 
ration of treatment on the pressure surface of the outlet guide vanes (OGV’S). 
Although no nodel testing was conducted, it was felt that this treatment would 
d^onstrate high frequency broad band suppression that could be useful on en- 
gines with marginal suppression designs. Acoustic design parameters are as 
follows: 

Pressure side only treated with SDOF treatment 
Facesheet thickness - 1*27 mm (0.05 in.) 

10% porosity 

Hole dias^ter - 1.52 mm (0*06 in.) 

Cavity depth - 6.35 to 12.7 mm (0.25 to 0.5 in.) 

Treated length to duct height (L/H) -- 0*33 

® Tuning frequency ~ 4000 Hz 

m Treated area per vane - 203 cm^ (31*5 in.2) 

The treated L/H for the vane was based on the asial treated length of the 
vane divided by two times the average circumferential spacing between the vanes. 

As discussed earlier in Section 3.0, vane treatment was evaluated by 
taping the OGV's with a metal duct tape to simulate a hardwall vane. This 
was done with the rest of the engine in a baseline configuration. Vane treat- 
ment suppression spectra for 110, 120, and 130^ are shown in Figure 55. These 
curves are an average suppression based on 10 pairs of treated and untreated 
vane data points covering a range of fan speeds, blade angle, and fan bypass 
nozzle areas. Suppression of nearly 2 dB was achieved with the vane treatment 
in the frequency region of 5 to 10 kHz. Not only is suppression evident in the 
aft qiiadrant, but it is also present in the inlet quadrant as shown in Figure 
56 which presents suppression directivity at 1/ 3-octave band frequencies of 4000 
to 8000 Hz. 

5.2.2. 3 Core Noise 

The core suppressor shown schematic ally in Figure 41 was designed (Refer- 
ence 2) to suppress both high frequency turbine noise and low frequency com- 
bustor noise. Since both of these components are marginal in terms of con- 
tribution to the total UW system noise (Reference I), it was recognized early 
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in the prcgrss that it would be extremely difficult to measure the unsup- 
pressed and suppressed levels of these components. The difficulty in measure- 
oent of the core suppression has been compounded by the fan source noise in- 
crease of about 5 dB ?^ich results in aft fan noise levels high enough to com- 
pletely mask the. high frequency turbine noise. 

Spectral comparisons with a hardwall core and the treated core suppressor 
are shown in Figure 57. The comparisons are made at a large fan bypass nozzle 
area to keep jet noise low. Low frequency suppression is evident in the fre- 
quencies where combustor noise is expected to occur, i.e., 315 to 630 Hz. The 
resulting suppressions which are evident in the far field are shown in Figure 
58 and c^pared to the predicted conbustor suppression spectra. Broad band 
suppression in the band containing the fan BPF was determined by fairing out 
the BPF in the 1/3-oetave band spectra. This ccspariscn reflects the tseasure- 
laBat difficulties associated with noise masked by other sources, rather than 
poor performance of the core suppressor. Additional testing to isolate the 
core noise and core noise suppression Is needed and should be considered in 
future tests of the UTH engine. 

An interesting observation can be made with regard to the low frequency 
stacked treatment, as shown in Figure 59. Suppression is evident at all an- 
gles indicating that low frequency combustion noise is present even in the 
for^rd quadrant. 


5.2.3 DT¥ Radial Modes 

Maasuresents of radial mode content were issade for an untreated (hardwall) 
duct coafigur St ion at two planes of the exhaust duct, using the OCT exit probe 
at Statioa 204.5 and the fan nozzle probe at Station 267. 4^ as shown in Fig- 
ures 3 and 40. Bata were takes at takeoff and approach conditions, 

A radial measurement consists of the detenai nation of the spatial 

variation of the complex acoustic pressure profile across the duct, which is 
then expanded into characteristic duct modes. For the exhaust duct, it is 
assayed that the modal expansion can be made in terms of the inodes of a rec- 
tangular duct. This approx itaat ion will be true for high radius ratio annular 
ducts in the presence of low spinning mode orders. Hie complex acoustic pres- 
sure profile is obtained by computing the cross spectrisn of the traversing 
probe signal with a wal I-sK>unted reference microphone located close to the 
traverse plane. Hie data were reduced at the pure tone frequencies, where 
c^erence between the traversing probe and the vail Kulite was sufficiently 
high to provide validity to the measurement. Figures 60 to 63 are plots of 
the modal content in terms of relative mode magnitudes for 50 Ha bandwidth 
narrow bands which contain energy from pure tone generation by the source. The 
isodal participation, in almost all cases, is noted to be rich in higher order 
content, a condition which should be advantageous to treatment suppres- 
sion. Hie modal participation could be used to predict suppression for any 
given configuration of treatment panels. Tnis procedure has the potential of 
increasing suppression well above that of current design techniques. 
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Figure 61, tedinl Mod© Coatent at Approach - OOV Probe. 
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5,3 KOISS DIB2CTIVITY COIgARISCHS 

PKL directivity coasparisons for the five engine configurations are presen- 
ted in Figures 64 and 65 for takeoff and approach thrust, respectively. These 
comparisons are on a 61 a (200 ft) sideline and indicate that the peak angle - 
both suppressed and nnsuppressed — is in the aft quadrant near 110 . 

Cotaparisons are aade for two different builds of the QCSEE DTW over two 
different sound field surfaces and are for data that have been corrected to 
standard day conditions (298 K [77* Fl and 70Z relative humidity) but not to 
free-field coBditiossSe 

In the aft quadrant, the fully suppressed no-splitter configuration is 
about 1 PKdB higher than the fully -suppressed/hard core configuration at both 
takeoff approach. 


5.4 STSTSa BOISE LEVELS 

ae noise objectives for the 0TB engine are depicted schesat really in 
Fieure 66. They are based upon the total system noise levels that wuld be 

SSTb, obsLet o, a 152.4 , <500 ft) sidtUte. M fkeoff 
tl» iioiL level* intlod. “t col? the eogio* «oi»8 

hut also the iet/flap noise associated with the interaction of the cahaust 
gases with the powsred-lift flap syst®i. Specific aircraft operating require- 

ST6 giwB 1 b Table IS. 

At takeoff, the noise goal is a marimv® of 95 EP^B. At «ith 

the engines developing 65% of takeoff thrust, the goal is also 95 EPKcB. 

Since the engine noise levels are to be measured during static testing, 

. profs, for St.lolh, i.-fU8ht .»Uo lovoU f ^SlS 

established as part of the contract. This procedure establishes the follow- 
ing (See Appendix A of Reference 3): 

1. Jet/flap noise calculation procedure 

2. Extrapolation procedures including air attenuation and extra 
ground attenuation 

3. ibppler shift correction 

4. Dynamic effect correction 

5. Size correction 

6. In-flight cleanup and upwash angle correction 

7. IksBhev of engine correction 

8. Relative velocity correction for jet/flap noise 
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Figure 66. Acoustic Rcqulrementa. 








10. PHL to EPgL calcalation 
H- groand rf,s.rpti„ comctio,, 

These caleeUtiocs ere perfomed on the peak fonuira 

and peak aft angles. 

«n •»eee»ft'p^«er^'5'foorQcSg 'ekeoff noise leoel fo, 

ePMs on a 152 . (500 ftrsid^f-^™ ”eo.H, engio.. «>.L K syfg 

q^dranc summaries for this systea t«- • * P*‘®sents the forward and aft 

of 99 P^B is a major contrib^tlrto ^haust-radi^t^d noise 

lu L^^ ‘>i8*»er-than-predicted high fr^l re- 
els which were measured on the VW engiS.^ ^ noise lev- 

irthfd EPNd1.*^?sMe"xi*sho^\^lt th'^ 

18 the dominant noise source in both d«eS ^ *‘® suppressed engine noise 

noise goal must en..i..ag r . qnsdrants and that an« -..j “oise 

8 1 eost snolode fan noise sonrce redootion “dJorLp^ ess““. 

^ ^5ie noise goals £or 

1 ^ a noise reduction step of^bout challenging, represent- 

OTW noise levels were within 2.2 EPRdB o/th ^ ^ current wide-body aircraft 
sent a major reduction in noi^. still repre-' 
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Table X. Takeoff Systea Hoise. 

o 

90«8% corrected fan spe^, PCHLS 

• 

0,79 throat Hacb nusaber, XKII 


1,58 (2451 in, 2) fan esdiaust nozzle area^ Aig 


-8.0 Fan blade angle, R0PDEG 


152 sa (500 ft) sideline 

o 

61 m (200 ft) altitude 

e 

Fully suppressed (Eaadls^ 103) 


■ MaEisasm Koise 


Forward QiiadranS 


Aft Qn&drant 


EBgine I Jet/Flap Engine 


FEL . 

Total System FHL 
Total System EPIL 


et 


90-0 













Table SI. Approach System Noise 


o 94,4% corrected fan speed, PCNLR 
0 1.65 (2550 in.^) fan exhaust nozzle area 

9 +4.3 fan blade angle, ROPDEG 

9 152 o (500 ft) sideline 

® 61 a (200 ft) altitude 

• Fully suppressed (Reading 54) 


liaxisitiia Noise 



Forward Quadrant 

Aft Quadrant 


Engine 

Jet/Flap 

Engine 

Jet /Flap 

PML 

96.7 

89.8 

95.6 

82.7 

Total System PfJL 

97.9 



96.0 

Total System EPNL 

95.7 




Reverse thrust testing of the fully suppressed CTW composite nacelle 
enginelircoS^ted at t«? fan pitch blade angles. Ihe blade ^ 

- 9 I and -100’. For these tests, the fan bypass nozzle flaps ..:ere opened t 
a flare position as shown in Figure 67 to provide an inlet for the rever 
fan bypass flow. 

6.1 FAR-FIEtD Tik’Sk 

Far-field PHL's are shown in Figure 68 for the “®gJscd 

gLerally higher than those taken at -100% a result that was anticipated from 
the model tests reported in Reference 9. 

Wiffiire 69 is a PNL directivity plot at 27% reverse thrust. The spectral 
^ 70- i, sho^l., Figure 70. Ihe £a. FPF Is -Idest « 
800 Hz but no tones are seen at higher frequencies as con irroe y 
narrow-band spectra presented in Figure 71. 


6-2 SYSTEK HOISE LEVELS 

The noise goal for the UTW engine in rev^.rse thrust is a peak noise level 
of 10?P«B or !os. oo . 152 o (500 ft) sUellne «i£l. 

rererse threst thrit” sre^ ~pre- 

S.JS st”51Stst lirZ net « ®e pe.k PH, oecnrred nt 70 end 

was 103.3 PHdB for the single engine tested at the Genera ^ J 
Test Operation. In order to convert this to a system noise lev , 

tive of a QCSEE-powered STOL aircraft, adjustments as specified in ppe 
of Reference 3 were made. They are tabulated below. 

Fnavn^ size 1*1 PNdB 


Engine size 

Nicaber of engines 6.0 PNdB 
Fuselage shielding -3-0 PNdB 
Dirt/grass ground -1.0 PNdB 
Total correction +3.1 PNdB 


+3.1 PNdB 


u-ff-K f-hie ro-rection, a short-haul aircraft system with four QCSp*s 
Wxth thxs cOa.r , ^ mA A v%rn on a 152 m (500 ft) sidelxne when 

would achieve a maximum level oflOSA ^An alternative 

operating at a reverse thrust which j-s 2/% of 

“rSis Luld be the case where it is strictly necessary to the lOO^NdB 

goal. This stringent noise goal could be achieved at a reverse thrust leve 

which is 18% of takeoff thrust. 
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FlKuro 67. UTW Composite Nacelle with Fan Nozzle Flaps in the Flare Position. 
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7.0 CONCLUSIONS 


challenging noise goals established for the QCSEE pro- 
paa. several unique noise-reduction concepts and source noise reduction fea- 

SsS demonstrated. The most difficult aspect of the 

QCSE£ noise goal leas to achieve sinailtaneous success with the prediction 

co.pon.nt.. Si-.ltnSo^\S:SL is Sics- 

nolle Wif f Jese sources were contributors to the suppressed engine 

“issing even one of the component levels jeopar- 
dized achievement of the noise goals. at xevers jeopar 


7.1 Cf^CLOSIONS 


e 


OIW takeoff system noise levels were within 2.2 EPNdB of the goal. 

DTW approach system noise levels were within 0.7 EPNdB of the goal. 

^ than anti- 

cipated but tte program has provided a large data base (both aerodv- 

14 to 15 PBdB of inlet suppression at 

4 to ?P^R nusber. At approach, the wall treatment provided 

^ to 6 P^B suppression. 

Aft fan ^pression of up to 2 dB was demonstrated for the treated 
vanes. &is is a significant amount of suppression for a very ®all 
^ount of treatment area. ^ 

Static engine was within about 2 PKdB of 

predicted* 

The suppression capability of the "stacked" core suppressor was not 
completely evaluated due to masking by other noise sources; however 

w^rthr^i^S Resign frequencies was demonstrated for a flight- 

worthy combustor noise suppressor design. ^ 

levels of the variable pitch OTM fan were 
higher than predicted; however, the data base will provide for more 

variable pitch fan noise 


108 



appendix 

FREE~PIELD CALCUIATIQWS 


and concrete. Bach surface has diffeLnt^I t«o sound field surfaces - gravel 
which might be considered in any correction 

tions. This appendix compares the the data to free-fleld condi- 

documents the procedure used to correct the surfaces, and 

1.0 correct the data over each type of surface. 

- «» *'> 

ence 10). The corrections for each 1/3-octavA k engine (Refer- 

.« «. to tho for flow ^ 

omfoce. Oromid Se”?to°S wre TS m (o’s*” J*'®,'*®':" •>*«' 'lit coocrete 
|i« cootorlioe height .ierophone. 4 L lU ^l 2°’'* S' end eo- 

d.t. »r. c,rtt.t«l to Et„ «.u „,i.« the ^ 


vhere 


SPLpp - Ag(SPLg - 6.0) + Ac/lCSPLc/l - 3.0) 


Ac 
^/L 
SW-C/L 
SPLpp • 
SPLg 


weighting factor for ground microphone 
wei^ting factor for centerline microphones 
centerline microphone SPL 

free field SPL 
ground microphone SPL 


helghtiog feetote for eech 1/3-oete.e bead ere given hole.: 


Band 


50 to 1000 Kz 
1250 
1600 
2000 
2500 
3150 

4000 to 10,000 


1.00 

0.83 

0.67 

0.50 

0.33 

0.17 

0.00 
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Table A~lo Grmmd Reflection Corrections# 
12.2 ta (40 ft) High Hicrcphone, 


e Corrections are to be added 
to measured spectra 


Frequency 

(Hz) 


Correction 

(dB) 

50 


♦3-0 

63 


+5-1 

80 


+2.3 

100 


-1.4 

125 

/i 

-3.1 

160 


—0.8 

200 


+2.7 

250 


-2.6 

315 


+1.3 

400 


-1.4 

500 


-0.9 

630 


-0.3 

soo 


-0.7 

1000 


-0.6 

1250 


-0.7 

1600 


-0.6 

2000 


-0.7 

2500 


-0.4 

3150 


-0.6 

4000 


-0.6 

5000 


-0.5 

6300 


—0.6 

8000 


-0.5 

10000 


-0.6 



The philosophy behind this composite free-field spectrta is 
assumption that the ground microphone provides pressure doubling 
the iw frequencies idiile the centerline microphone prov^es i 

(3 dB) in the high frequencies. For the frequencies in between, an arithsKtic 

freighting is used to provide the free-field levels. 

Free-field spectra at three angles for the gravel and concrete sound field 
surfaLs are compLed in Figures 72 and 73 at takeoff ^nd approach, respectively. 
Bigine operating parameters were matched as close as is 

arltely corrected to free field using the procedures discussed above. J^ere is 
excellent agreement between the two free-field spectra a ea g . 
basis, the differences are less than 0.5 PKdB. There are shifts 

ences in the very low frequencies which are probably a result 
in the ground reflection nulls and reinforcements over the gravel. A more de 
tailed recalculation of the ground corrections would P^bably collapse the 
frequency data better; however, the impact on PNL would be minima . 

The comparisons in Figures 72 and 73 represent a site 
OCSEE UTH engine tests and the excellent results imply that data from the two 
SSL™ .Uk reasonable aaaarac, ahan such coab.r.aana are 

made on a free-field basis. 


ill 







• Basel lm> (Fraae Treated) 

• 46.5 n (152,4 ft) Arc 

• Free Field 

• Approadt Thrust 




63 125 250 500 1000 2000 4000 8000 
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^gure 73*’ Comparison of Free Field Gravel and 
C; .Concrete Data at Approach » 


O Gravel Surface 
(Keadiiu; 29) 

O Concrete Surface 
(Reading: 201) 


NCMKCIATURS 


s^*BOL m. 
ABBREVmTICBS 


^/L 

ag 


DEFIHITION 

Centerline microphone weighting factor 
Ground microphone weighting factor 


ALF 

A18 

BPF 

D or Dp 
EPHL 

wmm 

L 

Lx 

C^SFL 

PCIILR 

PCRT 

FilL 

m 

ROPBEG 

SPL 

splc/l 

SPLpp 

SPLg 

UTW 

XSH 

XKL 

mi 


Aft looking forward 
Fan bypass nozzle area 
Blade passing frequency 
Fan diameter 

Effective perceived noise level 
Installed thrust 
Inlet length 

Treated length 

Overall sound pressure level re: 0.0002 dynes/cm^ 

Percent corrected fan speed re: 3244 rpi 

Percent reverse thrust re: takeoff thrust 

Perceived noise level 

Sound power level re: 10^^^ watts 

Fan blade angle 

Sound pressure level re: 0.0002 dynes/cm^ 

Centerline microphone SPL 

Free^field SPL 

Ground microphone SPL 

Under-the-Wing engine 

Compressor speed 

Fan speed 

Inlet throat Mach number 

PRECEDING PAGE BlMiK NOT FILMED 


UNITS 


(in. 2) 

Hz 

m (ft) 

EPKdB 
N (lb) 
m (ft) 

m (ft) 
dB 

FHdB 

dB 

degrees 

dB 

dB 

dB 

dB 

rpm 

rpm 
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